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We report a systematic angle-resolved photoemission spectroscopy on topological insulator (TI)
TlBi1−xSbxTe2 which is bulk insulating at 0.5 . x . 0.9 and undergoes a metal-insulator-metal
transition with the Sb content x. We found that this transition is characterized by a systematic
hole doping with increasing x, which results in the Fermi-level crossings of the bulk conduction and
valence bands at x ∼ 0 and x ∼ 1, respectively. The Dirac point of the topological surface state
is gradually isolated from the valence-band edge, accompanied by a sign reversal of Dirac carriers.
We also found that the Dirac velocity is the largest among known solid-solution TI systems. The
TlBi1−xSbxTe2 system thus provides an excellent platform for Dirac-cone engineering and device
applications of TIs.
PACS numbers: 73.20.-r, 71.20.-b, 79.60.-i
The three-dimensional topological insulator (3D TI)
is a novel quantum state of matter with a metallic sur-
face state and an insulating bulk. The surface state is
characterized by linearly dispersive Dirac-cone band dis-
persion which traverses the bulk-band gap generated by
the spin-orbit coupling [1–3]. Experimental realization of
various exotic topological phenomena, such as the topo-
logical magnetoelectric effect and anomalous quantum
Hall effect, [4–6] as well as the device applications of TIs
largely rely on the dominance of surface Dirac transport
and the capability to manipulate Dirac-carrier proper-
ties, whereas it is difficult to achieve highly insulating
bulk in most of known the 3D TIs due primarily to the
small bulk-band gap and defects in the crystal.
One of the promising strategies to achieve insulat-
ing bulk is to reduce defects [7, 8] and compensate
defect-induced carriers by tuning chemical composi-
tion in a solid-solution system. This methodology has
been successfully applied to bulk crystals of tetradymite
Bi2−xSbxTe3−ySey (BSTS) where special combinations
of x and y yield high resistivity [9–12]. Angle-resolved
photoemission spectroscopy (ARPES) study of BSTS has
revealed a sign reversal of Dirac carriers while keeping
insulating bulk [13]. Discovery of the BSTS system has
accelerated the engineering of Dirac carriers and device
applications [11, 14–21], as highlighted by the spin injec-
tion via spin-pumping technique [17], electrical detection
of spin polarization [18], and realization of quantum Hall
effect at high temperature [19]. To further realize exotic
quantum phenomena and device applications in TIs, it
is of particular importance to explore the new materials
platform of bulk-insulating TIs, since the essential char-
acteristics of bulk and surface, such as the bulk-band gap
and the Dirac velocity, strongly depend on the material.
Rhombohedral III-V-VI2 ternary chalcogenide TlM’X2
[M = Bi and Sb; X = S, Se, and Te; see Figs. 1(a) and
1(b) for the crystal structure and Brillouin zone (BZ),
respectively] [22–26] is an intriguing platform to achieve
insulating TIs since its crystal structure is distinct from
tetradymite due to the covalent-bonding nature and the
absence of van der Waals gap. However, naturally grown
crystals are known to be inevitably carrier doped, as
seen from the band crossing of bulk conduction band
(CB) in TlBiSe2 and TlBiTe2 [24–26]. This problem has
hindered an extraction of intrinsic Dirac-carrier proper-
ties in TlM’X2. Recently, an attempt has been made
to achieve the bulk-insulating phase by fabricating non-
stoichiometric TlBiSe2 crystal with excess Bi and defi-
cient Tl [27, 28]. It would, however, be more useful to
utilize solid solution in TlM’X2, to take full advantage
of this system for realizing novel topological phenomena
and device applications.
In this paper, we report on an ARPES study of
TlBi1−xSbxTe2 (TBST) solid solutions. Besides the tun-
able Dirac carriers and bulk-insulating characteristics, we
found that the chemical potential is variable up to ∼0.6
eV with varying x. The value of ∼0.6 eV is the largest
among known 3D TIs. In addition, the Dirac velocity is
the highest among TI solid solutions. We discuss implica-
tions of these findings in comparison with the electronic
states of other TIs.
Single-crystalline samples of TBST were grown by a
modified Bridgman method, using high-purity elemen-
tal shots of Tl (99.99%), Bi (99.9999%), Sb (99.9999%),
and Te (99.9999%) as starting materials. To obtain high-
quality crystals, we performed surface cleaning to remove
the oxide layers formed in air on the raw shots of start-
ing materials [29]. The electrical resistivity shown in Fig.
2FIG. 1. (color online) (a) Crystal structure of TBST. (b) Bulk
BZ (black lines) and corresponding (111) surface BZ (blue
lines). (c) Temperature dependence of electrical resistivity
ρxx for various x. (d) Plot of VB ARPES intensity of TBST
at x = 0.6 as a function of wave vector (kx) and binding
energy (EB) measured along the Γ¯M¯ cut with the He-Iα line
at 30 K. Black dashed curve is a guide for the eyes to trace
the topmost VB. White rectangle corresponds to the k region
where the surface state is observed. (e) Near-EF ARPES
intensity at x = 0.6 measured along the Γ¯M¯ cut with the
Xe-I and He-Iα lines. SS, DP, and VB denote the surface
state, the Dirac point, and the valence band, respectively.
(f) ARPES-intensity contour plots as a function of 2D wave
vector at various EB’s. (g) ARPES intensity mapping at EF
covering the entire first BZ.
1(c) exhibits insulating behavior at x = 0.6−0.8 in con-
trast to the metallic behavior at x = 0.4 and 1.0, indicat-
ing metal-insulator transitions at x ∼ 0.5 and x ∼ 0.9.
It is noted that the plateau in the temperature depen-
dence of the resistivity at low temperature seen for x =
0.7 and 0.8 is likely an indication of a surface conduction
channel [7]. ARPES measurements have been performed
with a MBS-A1 electron analyzer with He and Xe dis-
charge lamps and a toroidal/spherical grating monochro-
mator. The He-Iα (hν = 21.218 eV) line and one of the
Xe-I (hν = 8.437 eV) lines were used to excite photo-
electrons. Samples were cleaved in-situ along the (111)
crystal plane at 5 × 10−11 Torr, and kept at the same
temperature during the measurement (see also Sec. 4 of
the Supplemental Material [30] for the cleaving plane).
The energy and angular resolutions were set at 2−15 meV
and 0.2◦, respectively.
First, we present the electronic structure of TBST at x
= 0.6 which is in the bulk-insulating phase [see Fig. 1(c)].
We show in Fig. 1(d) the valence-band (VB) ARPES in-
tensity along the Γ¯M¯ cut in the surface BZ measured
with the He-Iα line. One can recognize several dispersive
bands around Γ¯, which indicate the high quality of sam-
ple surface. The topmost VB shows the “m”-shaped dis-
persion and has a top of its dispersion at kx ∼ −0.2 A˚
−1.
One may also see a weak intensity near EF around Γ¯.
To see this faint feature more clearly, we have performed
ARPES measurements with higher accuracy using both
the Xe-I and He-Iα lines. As is visible in Fig. 1(e),
the spectral features are essentially similar between two
photon energies; one can see an “x”-shaped band disper-
sion arising from the topological Dirac-cone surface state
(SS), as confirmed by the hν invariance of its energy lo-
cation. The Dirac point (DP) of the Dirac-cone band is
located at the binding energy (EB) of ∼0.1 eV, indicating
the n-type nature of Dirac carriers (here, n/p-type Dirac
carrier means Dirac electrons/holes). The observed EDP
value is much closer to EF compared to those of as-grown
thallium-based ternary TIs such as TlBiSe2 (0.3−0.4 eV
[24–26]) and TlBiTe2 (0.3 eV [26]). The reduced electron-
doping effect in TBST is likely due to compensation of ex-
cess electron carriers by holes created by the (Bi,Sb)/Te
antisite defects [10] (see Sec. 1 of Supplemental Material
[30] for the relationship between defects and chemical po-
tential). Besides the proximity of the DP to EF, we found
no evidence for the appearance of the bulk CB, consistent
with the bulk-insulating nature [see Fig. 1(c)]. The ab-
sence of the CB in the spectra was also confirmed by the
ARPES-intensity mapping covering the entire first BZ
in Fig. 1(g), which signifies the single Γ¯-centered Fermi
surface of surface origin. To assess whether the surface
transport with the chemical potential located near the
DP is possible while keeping an insulating bulk, it is nec-
essary to clarify whether the energy location of the DP
is above or below the VB top [13]. For this purpose, we
show in Fig. 1(f) the ARPES-intensity map as a function
of a two-dimensional (2D) wave vector for various EB’s.
As is clearly visible, a circular intensity pattern arising
from the SS appears at EB = 0.0 (EF) and 0.1 eV. Upon
increasing EB, a signature of the bulk VB first appears
at EB = 0.1 eV along the Γ¯M¯ line as a small circular
intensity spot. On further increasing EB, the spot grad-
ually expands and evolves into a larger elongated spot,
reflecting the holelike nature of the VB.
To see the evolution of the electronic states upon Sb
substitution, we have performed systematic ARPES mea-
surements along the Γ¯K¯ cut for samples with various x
values. Results are displayed in Fig. 2(a). On decreas-
ing x from 0.6, one can recognize a gradual downward
shift of the Dirac-cone band; the DP for x = 0.4 is lo-
cated at EB ∼ 0.2 eV, which can be better seen from
the momentum distribution curves (MDCs) in Fig. 2(b).
3FIG. 2. (color online). (a) Comparison of near-EF ARPES intensity along the Γ¯K¯ cut for various x measured with the Xe-I
photons at T = 30 K. White dashed curves are a guide for the eyes to trace the Dirac-cone band. CB denotes the bulk
conduction band. While arrows for x = 0.7 and 1.0 indicate the location of Fermi wave vector (kF). (b) MDCs at selected
EB’s for (top) x = 0.4 and (bottom) x = 1.0. Arrows indicate the peak position of the MDCs. (c) Composition dependence
of the Dirac-cone band dispersion relative to the DP of TBST, compared with those of BSTS for (x, y) = (0.25, 1.15) (gray
squares) [13] and Pb(Bi1−xSbx)2Te4 (PBST; x = 0.4) (gray circles) [31]. Energy position of the chemical potential µ for each
composition is indicated by horizontal dashed lines.
As visible in Fig. 2(a), the Dirac cone is further pushed
downward at x = 0.0, and it is located at 0.4 eV below
EF, consistent with the previous study [26]. In addition,
the bulk CB is observed inside the upper Dirac cone, re-
flecting the bulk metallic nature. On increasing x from
0.6 to 0.7, the DP is immediately pushed upward into
the unoccupied region. This definitely reveals the n- to
p-type transition of Dirac carriers between x = 0.6 and
0.7. For x ≥ 0.7, one can see a systematic hole doping
from a comparison of Fermi wave vectors (kF’s) for the
lower Dirac cone between x = 0.7 and 1.0 (see arrows)
[note that the kF points were estimated by tracing the
peak position of the MDCs; see the bottom panel of Fig.
2(b)]. These results demonstrate tunable Dirac carriers
in TBST, while such tunable nature has been achieved
only in a small number of TIs [10, 13, 31–33].
To quantitatively evaluate the evolution of the SS, we
plot in Fig. 2(c) the Dirac-cone dispersion determined
from the peak position of the energy distribution curves
(EDCs) (see Sec. 2 of Supplemental Material [30] for the
band-dispersion plots). One can see that the energy shift
of the Dirac-cone band proceeds in a rigid-band manner;
the bands for different x values essentially overlap with
each other when we plot its energy position with respect
to the DP energy, despite the total chemical-potential (µ)
shift of ∼0.6 eV. This value is much larger than those of
other bulk-insulating TIs such as BSTS (∼0.3 eV) [13]
and (Bi1−xSbx)2Te3 thin films (∼0.4 eV) [32]. As shown
in Fig. 2(c), the chemical potential which lies slightly
above DP at x = 0.6 is suddenly pushed downward be-
low DP at x = 0.7, again pointing to a sign reversal of
Dirac carriers from n- to p-type at x ∼ 0.65. Such a
jump may be explained by the absence of impurity levels
within the band gap; in such a case, the impurity level
cannot pin the chemical potential, and the chemical po-
tential suddenly jumps from the CB bottom to the VB
top with hole doping. We have estimated the Dirac ve-
locity of TBST along the Γ¯K¯ cut from the slope of the
band dispersion around the DP to be 5.4 eVA˚. This value
is much larger than those of typical solid-solution TI sys-
tems such as BSTS (2.9 eVA˚) [13] and Pb(Bi,Sb)2Te4
(PBST; 0.5 eVA˚) [31], as is visible in Fig. 2(c).
The next important issue is to pin down the location
of the bulk-band edges, which is crucial for the Dirac
transport properties. As seen from Fig. 2(a), the CB
which is seen at x = 0.0 looks absent at x = 0.4−1.0
due to hole doping. It is thus suggested that the CB is
occupied only in the x region around 0.0 (see Sec. 3 of
Supplemental Material [30] for the estimation of the CB
bottom). We used the He-Iα line to estimate the VB
top, since the corresponding kz value is close to the Z
point of the bulk BZ around which the VB top is located
[25, 26, 34]. As seen from the ARPES-intensity map at
x = 0.6 in Fig. 3(a) measured with the He-Iα line, the
VB top is seen as a circular intensity spot away from Γ¯
along the Γ¯M¯ line [see also Fig. 1(f)]. This demonstrates
the indirect nature of the bulk-band gap in TBST like in
many other TIs [1, 3, 13, 24–26]. To accurately deter-
mine the VB top, we have measured the ARPES data at
several cuts, and show the representative results in Fig.
4FIG. 3. (color online). (a) ARPES-intensity map at EB =
0.15 eV around Γ¯ for x = 0.6 measured with the He-I pho-
tons. (b) Near-EF ARPES intensity measured along cuts A-C
shown in panel (a), which highlights the determination of the
VB top. White dashed lines connect the local maxima of the
VB for each cut. For cut B, the EDC at ky = 0.0 A˚
−1 is
shown by the red curve. The intersection of two black solid
lines on the EDC, which represent the leading edge and the
background, corresponds to the location of the VB top (blue
arrow) [13, 24]. (c) Composition dependence of the ARPES
intensity for cuts crossing the VB top, highlighting the sys-
tematic hole doping into the VB. White dashed lines for x =
0.6 and 0.7 are linear extrapolation of the VB-intensity edges.
White arrows indicate the VB top.
3(b). As shown in Fig. 3(b), the holelike VB which has a
top of dispersion at EB ∼ 0.2 eV in cut A moves upward
in cut B and then moves downward in cut C, indicat-
ing that the VB top is located along cut B at ky = 0.0
A˚−1. We have estimated the VB top to be EB ∼ 0.12 eV
from the leading edge of the EDC [13, 24]. This value is
slightly higher than the DP energy of ∼0.08 eV [see Fig.
2(c)], suggesting that the Dirac cone is isolated from the
bulk VB at x = 0.6. This isolation is a prerequisite for
realizing some of the exotic topological phenomena and
device applications [1–3]. As displayed in Fig. 3(c), we
have systematically traced the VB top for all range of x.
Obviously, the VB top is located at well below EF for
x = 0.0−0.6 with a small upward shift upon increasing
x. The VB top appears to show a sudden upward shift
toward the above-EF region at x = 0.7 [note that the VB
top for x = 0.7−1.0 can be approximately estimated from
the crossing point of the linearly extrapolated intensity
edges (e.g. see dashed lines for x = 0.6 and 0.7) since the
VB top estimated from the EDC almost coincides with
this crossing point]. On further increasing x, the VB top
FIG. 4. (color online). (a) Plot of three characteristic ener-
gies, i.e., the conduction-band (CB) bottom (green), the VB
top (blue), and the DP energy (red) as a function of x. The
bulk-insulating/metallic region determined from the resistiv-
ity measurements is indicated at the top, while the surface
insulating/metallic region suggested from the present ARPES
experiment is shown at the bottom. (b) Schematic band di-
agram of TBST determined from the present ARPES result.
Dashed line corresponds to the chemical potential.
moves further upward and is finally located at ∼0.1 eV
above EF at x = 1.0.
From these ARPES results, we now discuss the loca-
tion of the bulk bands with respect to the chemical po-
tential. We summarize in Fig. 4(a) the x dependence of
characteristic energy scales, DP energy, VB top, and CB
bottom. At x = 0.0, the CB bottom is situated at an en-
ergy lower than the VB top, signifying the semimetallic
bulk-band structure with a negative band gap, as illus-
trated in Fig. 4(b), consistent with the previous ARPES
study of TlBiTe2 [26]. At x = 0.4, the relative position
of the VB top and the CB bottom is reversed. More-
over, the chemical potential lies within the band gap. It
is noted that unlike BSTS [13], it turned out to be diffi-
cult to determine the CB bottom above EF for x ≥ 0.4
since the surface chemical potential was robust against
intentional surface aging (see Sec 4 of the Supplemental
Material [30] for the surface-aging experiments and the
cleaving plane [35, 36]). We thus draw a plausible loca-
tion of the CB bottom with a reasonable ambiguity. As
shown in Fig. 4(a), the bulk-insulating character per-
sists up to x ∼ 0.65 at which the VB starts to cross EF.
Therefore, from the spectroscopic point of view, one can
say that (i) the metallic bulk properties at x ∼ 0.0 and
5x ∼ 1.0 essentially arise from the CB and VB electrons,
respectively, and (ii) the bulk can be insulating at 0.3
. x . 0.65. It is noted here that the bulk-insulating x
region determined from the resistivity measurements is
0.5 . x . 0.9, which is shifted as a whole toward higher
x region by ∼0.2. This is likely due to the upward surface
band bending with the order of ∼0.1 eV, as one can infer
by referring to the location of chemical potential in Fig.
4(a).
Another important issue is the relationship between
the location of the Dirac-cone SS and the bulk bands.
As shown in Fig. 4(a), the energy position of the DP is
lower than the VB top by ∼0.1 eV at x = 0.0, as also
illustrated in the band diagram in Fig. 4(b). Such an
embedded nature of the DP persists up to x = 0.4. On
the other hand, the DP is isolated from the VB at x =
0.6−1.0, satisfying a requirement for achieving the sur-
face transport with the chemical potential located near
the DP. Also, by taking into account that the bulk chem-
ical potential seen in the ARPES data is shifted down
by ∼0.1 eV compared to the true bulk chemical poten-
tial, it is inferred that the surface transport near the DP
with insulating bulk can be achievable at x ∼ 0.6−0.8 in
TBST [see Fig. 4(a)].
Finally, we comment on the implications of the present
observation in relation to the physical properties and de-
vice applications. As demonstrated in Fig. 2(c), the
Dirac velocity of TBST is the largest among known TI
solid solutions. This would be useful for realizing higher-
performance electric devices which utilize the quantum
transport of Dirac carriers. In addition, as mentioned
above, the surface chemical potential of TBST was found
to be robust against surface aging. This situation is dif-
ferent from BSTS [13] and prototypical TIs [37], where
the surface chemical potential is sensitive to small pertur-
bations such as the gas adsorption on the surface, point-
ing to a good surface controllability in TBST, which is a
prerequisite for realistic applications.
In conclusion, we reported a comprehensive ARPES
study of TBST. We have experimentally determined the
evolution of bulk and surface electronic states upon Sb
substitution and found (i) the sign reversal of surface
Dirac carriers, (ii) the isolated Dirac-cone signature while
keeping an insulating bulk at x ∼ 0.6, (iii) the largest
Dirac velocity of the SS among TI solid solutions, and
(iv) a high tunability of the chemical potential up to ∼0.6
eV. These observations strongly suggest that TBST is a
promising material for the Dirac-cone engineering and
device applications of TIs.
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S1. Physical mechanism to control the chemical
potential
We comment on the physical mechanism to control the
chemical potential. In TBST, because of the similar ionic
radius of Bi3+ and Te2− ions, the antisite defects for
Bi/Te would occur relatively easily, as is already known
for the Bi2Te3 system. Bi ions sitting on the Te sites
act as acceptors, while Te ions sitting on the Bi sites are
donors. Increasing the Sb composition would suppress
these antisite defects, and such a suppression of the ani-
tisite defects is most likely the essential mechanism to
control the chemical potential in the present system. We
suggest that the chemical potential of TBST can be also
controlled for a given x, based on the experimental fact
that the dominant type of the antisite defects switches
depending on the growth condition (i.e. whether the
composition of the melt is Bi/Sb rich or Te rich).
S2. Determination of the Dirac-cone band dispersion
Figure S1(a) shows the energy distribution curves
(EDCs) in the vicinity of the Fermi level (EF) around
FIG. S1. (a), (b) Energy distribution curves (EDCs) and mo-
mentum distribution curves (MDCs) for x = 0.4, respectively,
measured with the Xe-I photons at T = 30 K. Arrows indicate
the band dispersion estimated from the peak position of the
EDCs / MDCs. (c) ARPES intensity as a function of wave
vector (ky) and binding energy for x = 0.4. Peak positions
estimated from the EDCs and MDCs are overlaid with red
triangles and blue circles, respectively.
the Γ¯ point for TBST (x = 0.4) measured with the Xe-I
photons (hν = 8.437 eV). One can recognize two peaks
away from the Γ¯ point which merge into a single peak at
the Γ¯ point. This behavior is characteristic of a massless
Dirac-cone surface state showing X-shaped band disper-
sion, as also visualized in the momentum distribution
curves (MDCs) in Fig. S1(b). We found that the surface
band dispersion estimated from the peak position of the
EDCs in (a) well coincides with that estimated from the
MDCs in (b), as displayed in Fig. S1(c). Since the EDC
and the MDC analyses reflect essentially the same infor-
mation on the band dispersion in the present study, we
mainly used the EDCs for extracting the x-dependence
of the Dirac-cone band dispersion in the main text (see
Fig. 2).
S3. Estimation of the conduction-band edge
Since the bulk conduction band (CB) is well resolved
with the He-Iα line (compare Fig. S2(a) and Fig. 2(a)
of the main text), we used the He-Iα data to estimate
the energy position of the CB bottom. According to the
band calculation (ref. 23), the CB bottom is located
at the Γ point of the bulk Brillouin zone (BZ). In this
regard, the He-Iα line may not be best suited for accu-
rately estimating the CB bottom since it basically probes
the electronic states around the Z point of the bulk BZ.
Nevertheless, according to the ARPES measurements of
TlBiSe2, the CB bottom estimated with the He-Iα line
and the kz-tuned synchrotron light (see e.g., Fig. 3 of
ref. 24) reasonably overlap with each other despite the
difference in the measured kz values, likely due to large
kz broadening (about a half or more than a half of the
Γ-Z length) originating from the short photoelectron es-
cape depth. In such a case, it is more appropriate to use
leading edge of the EDC at the Γ¯ point, rather than to
directly track the CB peak itself. As highlighted in Fig.
S2(b), we have estimated the CB bottom from an inter-
section of two lines representing the leading edge of the
CB and the spectral background. A possible deviation of
the estimated CB bottom from the actual value is incor-
porated into error bar for x = 0.0 in Fig. 4 of the main
text.
8FIG. S2. (a) ARPES intensity along the Γ¯K¯ cut for x = 0.0
measured with the He-Iα photons at T = 30 K. CB, SS, and
VB denote the conduction band, surface state, and valence
band, respectively. (b) EDC at the Γ¯ point. Dashed lines
on the EDC represent the leading edge of the CB and the
spectral background. Their intersection corresponds to the
location of the CB bottom (black arrow).
S4. Surface-aging experiment and cleaving plane
We intended to control the surface chemical potential
of TBST samples by depositing potassium (K) atoms
onto the cleaved surface in ultrahigh vacuum. As visible
in Fig. S3(a), the K deposition on the cleaved surface
of Bi2Se3 bulk crystal leads to the apparent downward
shift of the Dirac-cone band by ∼0.1 eV. On the other
hand, the K deposition leads to no clear energy shift of
the lower Dirac-cone band for the TBST surface (x =
1.0). This demonstrates the robustness of surface chem-
ical potential against intentional surface aging in TBST,
in contrast to Bi2Se3. Here we comment on the cleaving
plane of TBST. There exist two possible cleaving planes
in TlBi1−xSbxTe2(TBST), i.e., between Tl and Te lay-
ers, and between Te and Bi(Sb) layers (see Fig. 1(a) of
the main text). Among these, TBST likely cleaves in the
former way, judged from previous scanning tunneling mi-
croscopy and core-level photoemission spectroscopy stud-
ies on the cleaved surface of TlBiSe2 (ref. 35). By also re-
ferring to the first-principles band-structure calculations
(refs. 23 and 36), the ARPES-observed Dirac-cone state
likely originates from the Te-terminated surface.
FIG. S3. (a) Comparison of the near-EF ARPES intensity
for fresh (left) and K-deposited surfaces of Bi2Se3 measured
with hν = 56 eV. (b) Same as (a) but for TBST (x = 1.0).
White arrows indicate the Fermi wave vector (kF), whereas
red arrows denote the location of the DP. Gray arrows on
right panel of (a) indicate the kF point for the fresh surface
of Bi2Se3. White dashed lines in (b) are guide to the eyes to
trace the band dispersion. Gray dashed lines in right panel of
(b) are the band dispersion for the fresh surface of TBST (x
= 1.0).
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